We present a novel route to Bose-Einstein condensation devised for two-electron atoms, which do not admit practicable cooling techniques based upon narrow intercombination lines. A dipole trap for 40 Ca atoms in the singlet ground state is loaded from a moderately cold source of metastable triplet atoms via spatially and energetically selective optical pumping permitting four orders of magnitude increase of the phase space density. Further cooling to quantum degeneracy is achieved by forced evaporation optimized to minimize three-body losses. In a combined loading and evaporation cycle of less than three seconds we are able to condense 3000 atoms.
Owing to their unique electronic properties, alkalineearth-metal (AEM) atoms and certain rare-earth (RE) atoms are at the focus of several rapidly evolving lines of research in atomic physics. The existence of narrow intercombination lines connecting the non-magnetic singlet state to the triplet states render them highly useful as atomic frequency standards [1] [2] [3] [4] . These narrow transitions can also serve as novel precision tools for read-out and manipulation of quantum information in optical lattices [5] or for the control of interaction strength in the quantum degenerate regime [6, 7] . Ultracold fermionic AEM samples trapped in optical lattices provide intriguing new possibilities for simulating electronic matter dominated by spin-orbit coupling [8] . Bosonic AEM isotopes with singlet and long-lived metastable triplet states uncomplicated by hyperfine structure lend themselves for ultracold collision studies confronting theory at a fundamental level [9] [10] [11] [12] [13] [14] .
With such prospects ahead, laser cooling and trapping techniques for two-electron atoms have developed rapidly during the last decade. Unlike alkali metals, bosonic AEM and RE atoms have non-magnetic singlet ground states. This precludes the application of two key techniques commonly used in quantum gas preparation: sub-Doppler cooling techniques in ground state magnetooptical traps and evaporative cooling in magnetic traps. Reaching ultracold temperatures for AEM and RE atoms therefore relies on Doppler-cooling followed by evaporation in optical traps. Efficient Doppler-cooling, however, requires intercombination transitions whose spectral width is sufficiently broad to permit significant radiation pressure while being narrow enough to allow for low temperatures (see, for example, [15] ). To further complicate matters, for such narrow-line cooling to be effective in combination with optical dipole traps, the use of so called magic wavelengths -where equal optical potentials arise for the ground state and the excited state [16] -are required. Strontium and ytterbium have turned out to be ideal systems in this respect, which is documented by the fact that all stable isotopes of strontium [17] [18] [19] [20] and four of the five stable bosonic isotopes of ytterbium [21] [22] [23] [24] have been cooled down to form a Bose-Einstein condensate (BEC). In contrast to strontium and ytterbium, the intercombination lines of the two lightest AEM species -magnesium and calcium -are too narrow to be used for Doppler cooling, unless sophisticated line quenching and laser bandwidth shaping techniques are employed [25, 26] . Hence, approaching quantum degeneracy for these species is particularly challenging. Only a single research group has claimed the observation of a calcium BEC to date [27] , while cooling of magnesium beyond the millikelvin range does not seem to be within reach yet, despite its possible relevance for metrology [28, 29] . An additional complication on the road towards a BEC of calcium is its large s-wave scattering length exceeding 400 a 0 (a 0 = Bohr radius). This gives rise to large threebody recombination losses and requires careful density management in evaporative cooling protocols.
In this letter we demonstrate a novel route to Bose- Einstein condensation of AEM or RE atoms, which does not require complex narrow-line cooling techniques, the use of magic wavelength optical traps or extensive laser bandwidth shaping. The inherent robustness and unspecific character of our scheme should permit its application in a wide range of experimental circumstances. In principle, our method can be used to prepare highdensity ultracold AEM samples in any state with sufficiently long lifetime, provided these states can be loaded via optical pumping. This includes, for example, the singlet ground states of calcium and magnesium, but also long-lived excited states could be addressed. Here, we apply the scheme to prepare a BEC of calcium ( 40 Ca) in the singlet ground state.
Our experimental protocol proceeds in three steps: 1. conventional preparation of a laser cooled atomic sample in the triplet system; 2. continuous loading of a dipole trap for singlet ground state atoms via spatially selective optical pumping; 3. forced evaporation in the ground state dipole trap. As can be seen in Fig. 1(a) , the principal fluorescence line of the singlet system, 1 S 0 → 1 P 1 at 423 nm, has a weak decay channel to the metastable 3 P 2 state. In step 1, we therefore use this transition to operate a Zeeman slower and a magneto-optical trap (MOT) (referred to as singlet-MOT) in order to load a second MOT (referred to as triplet-MOT) using the infrared closed cycle transition 3 P 2 → 3 D 3 at 1978 nm. The details are described in [30, 31] . The loading is terminated by switching off the 423 nm light for the Zeeman slower and the singlet-MOT beams. Further cooling of the triplet-MOT is then carried out by increasing the negative detuning of the infrared light by another 5 MHz, yielding a sample of 2.3×10
8 atoms at a temperature of 250 µK (Fig. 2(a), B) .
In step 2 the atoms are loaded into a dipole trap oriented perpendicular to the direction of gravity (the xaxis in Fig. 1(b) ), which is referred to as the horizontal dipole trap (HDT). The HDT beam is obtained from a 20 W fibre laser (IPG photonics
3 P 2 transition at 430 nm. Its beam waist is 17 µm and it is aligned to propagate well within the HDT beam (see Fig. 1(b) and (c) ). The transfer of the atoms proceeds via spontaneous decay to [4s4p] 3 P 1 and subsequently to 1 S 0 as illustrated in Fig. 1(a) . The low power and small spatial width of the depumping beam ensures that only the slowest atoms stay long enough within the illuminated volume to be pumped to the ground state and, hence, to be captured at the center of the HDT. As long as the depumping beam is active, accumulation of atoms in the dipole trap continues until loading is compensated by losses due to evaporation. The loading stage (Fig. 2(a) , C) continues for 1.25 s and is terminated by switching off the optical pumping and triplet-MOT beams. After 100 ms of spontaneous evaporation in the HDT we obtain 1.5×10 6 atoms at 26 µK with a density of 1.2×10 12 cm −3 . The corresponding phase space density (PSD) of 2×10 −4 represents an almost four orders of magnitude increase over the PSD in the triplet-MOT. A quantitative theoretical study of the loading scheme can be found in our previous work [32] . For the experimental run to produce a BEC, a 50 ms spontaneous evaporation stage is used (Fig. 2(a),  D) .
In order to increase the atomic confinement, in step 3, we add a second trapping beam tilted with respect to the direction of gravity by 45
• and aligned in order to intersect the HDT beam perpendicularly (see Fig. 1(b) ). This beam is referred to as the tilted dipole trap (TDT) beam, while the combined dipole trap arising from the presence of both beams is referred to as crossed-beam dipole trap (CDT). The TDT beam is obtained from a solid state frequency doubled laser system (Coherent Verdi V5) which delivers 5 W at 532 nm. The maximum power available inside the vacuum chamber is 2.7 W and the radius of the beam at the intersection with the HDT beam is 48 µm. Loading of the CDT, illustrated in stage E of Fig. 2(a) , involves two sub-steps. First, the power of the HDT is ramped down linearly to half of its maximum power, while simultaneously ramping up the power of the TDT beam to maximum in 150 ms. After waiting 200 ms in this trap, the HDT power is ramped further down in 125 ms to 0.2 times the maximum power, during which the power of the TDT beam is kept unchanged. This completes the loading of the CDT, at the end of which we obtain up to 1.6×10
5 atoms at a temperature of 22 µK. At this stage the peak density and PSD of the atomic ensemble are 3.7×10 12 cm −3 and 2×10 −4 , respectively. Next, forced evaporation in the CDT is carried out by ramping down the power of both laser beams simultaneously in seven linear steps with fixed slopes as shown in Fig. 2(a) F and (b) . Depending on the overall duration of the evaporation ramp t ev , this phase ends with different final values of the trap depth. For an evaporation time slightly longer than 1 s, an ensemble with 3000 condensed atoms is obtained. In our present set-up this number is mostly limited by trap laser power and insufficient vacuum conditions (background pressure ≈ 10 −9 mBar). For characterizing the cold atomic cloud, the evaporation time (and consequently the final trap depth) is varied, all CDT beams are then switched off, the atomic ensemble is allowed to expand ballistically for a variable time-of-flight (TOF) t TOF (Fig. 2(a), G) , and, finally, an absorption image is recorded (Fig. 2(a), H) . Fig. 3 shows four series of absorption images, in order of increasing evaporation times t ev . We fit a bimodal distribution to a single column along the y-axis of each of these images, as shown in Fig. 4 for the images at 10 ms time-of-flight. We obtain the temperature of the ensemble from the Gaussian part of the fits. In Fig. 3(a) and Fig. 4(a) , corresponding to a final trap depth of 900 nK, we observe an isotropically expanding thermal cloud with 1.9×10 4 atoms at a temperature of 340 nK. In Fig. 3(b) corresponding to a trap depth of 327 nK, a small anisotropy appears in the expansion. The bimodal fit (Fig. 4(b) ) clearly shows a small condensate fraction. This ensemble at a temperature of 106 nK, contains 9200 atoms of which about 10% are condensed. We may compare this temperature to the expected critical temperature T C . Following [33] , T C for a trapped interacting Bose gas is given by:
where ω=(ω 1 ω 2 ω 3 ) 1/3 and ω=(ω 1 + ω 2 + ω 3 )/3 are the geometric and arithmetic means of the trap frequencies along the three axes, N is the number of atoms, a is the s-wave scattering length, and a HO = h/mω is the mean harmonic oscillator length. The first term gives T C for a non-interacting ideal gas, whereas the second and third terms are corrections accounting for the finite particle number and interactions, respectively. By using ω 1 =2π×71 Hz, ω 2 =2π×202 Hz and ω 3 =2π×174 Hz and a = 440 a 0 [27] , we calculate T C to be 110 nK, which is very close to the measured value. Note that the second correction amounts to 10% of the uncorrected value, which emphasizes the dominant role of interactions for 40 Ca. Figure 3(c) and 4(c) shows TOF images and the column density along the y-axis at t TOF = 10 ms for a cloud cooled well below T C . The trap depth at this stage is 104 nK and the harmonic frequencies are ω 1 =2π×35 Hz, ω 2 =2π×181 Hz and ω 3 =2π×135 Hz. There are 5800 atoms with 40% in the condensed fraction. After waiting for 100 ms in this trap, so that the hottest thermal atoms are allowed to escape, we obtain the TOF-images in Fig. 3(d) with the corresponding bimodal fits shown in Fig. 4(d) . There are now 4800 atoms, with an increased condensate fraction of about 55%. In addition to the long expansion times and the clearly visible bimodal distributions in Fig. 4 a commonly used indication for having reached quantum degeneracy is the anisotropic expansion dynamics of the cold atomic cloud. This is further illustrated in Fig. 5 , where the observed Thomas-Fermi radii of the condensate fraction along the tightly and weakly confined trap axes (filled triangles and open circles respectively) are plotted against t TOF . The lines in the figure show the expansion expected by solving the Gross-Pitaevskii equation in the Thomas-Fermi limit following Ref. [34] with the initial radii calculated by means of the known trap frequencies, the particle number, and the scattering length. The agreement with the data is acceptable for long times-of-flight. At shorter times the data points acquire larger errors from the imperfect discrimination of the thermal cloud and the condensate fraction in the fitting procedure and limited spatial resolution of the imaging system. Furthermore, the harmonic approximation made for the trap potential underestimates the initial radii.
To conclude, we have demonstrated the second calcium BEC worldwide and provide a data basis leaving no doubt that quantum degeneracy has been reached. This has been achieved using a novel method to prepare ultracold AEM-samples, which avoids the complexities of narrowline cooling, magic wavelength dipole traps, and laser bandwidth shaping. The method is versatile and robust, and it can be used for any state with sufficiently long lifetime (i.e., not necessarily the ground state), which can be loaded via optical pumping. 
